The aim of this study is to assess the potential effectiveness of GMES Space Component Sentinel Missions for land-based environmental policy support in the Azores Autonomous Region (Portugal). Sixteen different types of legal and spatial instruments are currently being applied in this region. Most of them require detailed and accurate Land-use/Landcover cartography in order to deliver reliable outputs at municipal, island and archipelagic scales. Sentinel-2 Mission products can fulfill these requirements in a cost-effective way. A Spatial Data Infrastructure-based Regional GMES framework is proposed in order to process, assess, validate and integrate this GMES data into the decision support system of Azorean regional land policies.
Introduction

Small Islands and European Outermost Regions
The outermost regions listed in Article 349 of the Treaty on the Functioning of the European Union (EU) are: Guadeloupe, French Guiana, Martinique, Réunion (French départements), Saint-Barthélemy, Saint-Martin (French collectivités d'Outre-mer) , the Azores, Madeira (Portuguese autonomous regions), and the Canary Islands (Spanish autonomous community). In 2006, almost 4.3 million people lived in the EU outermost regions, representing 0.9% of the EU population. These regions face several obstacles to full development -remoteness, insularity, terrain and climate constraints, economic dependence and narrow range of the goods they produce. These realities constitute disadvantages for their sustainable and harmonious development and the EU, through various programmes and measures, aims to minimise them as much as possible in order to promote the economic and social convergence of these regions [Monfort, 2009] . The European Commission communication entitled "The outermost regions: an asset for Europe" [2008a] , advocates an alternative approach, focusing on the potential contribution of these regions to overall growth and development in Europe. A strategic priority is to turn the handicaps of outermost regions into assets. For example, the outermost regions have geographical and geological characteristics that make them excellent laboratories for research in a number of fields including climate change, and have a unique geostrategic position. Also their biodiversity and exceptional marine ecosystems are very promising in specific fields like innovation in pharmaceuticals and agronomy.
inhabitants. The largest island is São Miguel (745 km²), and the smallest is Corvo (17 km²). Santa Maria is the southern-and easternmost island (37° N, 25° W), Flores is the westernmost (31° W), and Corvo (39°42′ N) is the northernmost island. Pico has the highest elevation point (2351 m above sea level). Five other islands have elevations of nearly 1000 m above sea level. The three island groups are separated by 1000-2000-m-deep sea channels, except the islands of Faial and Pico, between which the channel is, in many parts, only 20 to 50 m deep. The Azores are separated from the most western point of mainland Europe (i.e., Cabo da Roca, Portugal) by 1390 km. Located in the Atlantic Ocean at a mean latitude of 38°30′ N, the Azores enjoy a distinctly oceanic climate. Despite its small land area, the Azores archipelago has an Exclusive Economic Zone (EEZ) of approximately 940,000 km². The islands are geologically young and are located in a tectonically and volcanically active region, distributed over a 600 km approximately WNW-ESE strip. They emerge from the Azores plateau, a triangular-shaped zone of anomalous and irregular shallow topography and tectonically located near the triple junction of the American (west), Eurasian (northeast) and African (south) plates. The insignificant variation in the seasonal temperature and the high humidity and precipitation that characterize the archipelago's climate are mostly due to the influence of the Gulf Stream, which transports warm waters and humid air masses and is responsible for the high-pressure systems over the Azores [Borges et al., 2009; Calado et al., 2011] . 
Remote Sensing for Environmental Policy Support
The diversity of technology and infrastructures to monitor environmental systems, from global to local scales, is increasing rapidly, as public and private organizations increase their investment in them. These data and images support policies by contributing to the development and improvement of new policies, as new problems can be discovered or visually better conveyed to the public. Policy implementation and evaluation requires data to ensure compliance and to monitor the policy's success. The various phases of an environmental policy require up-to-date and synoptic spatial information at various spatial scales on the state of the environment and the extent and magnitude of environmental and policy impacts over large areas. Earth observation (EO) is well suited for this, as a large number of variables relevant to environmental policy can be remotely detected. Moreover, remote sensing (RS) permits repeated and consistent assessment and monitoring of the environment; it allows independent control and its quality can be assessed. Therefore it is a tool with some very desirable characteristics for supporting environmental policy [Esty, 2004; Backhaus and Beule, 2005; De Leeuw, 2010] . There is a growing interest in the application of remote sensing technologies to the protection of global environment. Remote Sensing data has many attractive features in the context of environmental instruments. It is generally accurate and objective; it can have globally-consistent coverage; it can be tuned to ecological regions of widely-varying scales; and because it is sensed from space, it can present a wide range of relevant data synoptically and without infringing national sovereignty. While international or collaborative monitoring of the environment is not currently central to most environmental policies, to the extent that monitoring takes place; remote sensing is a promising method [Uhlir, 1995; Kline and Raustiala, 2000; De Sherbinin 2002] . Environmental protection and regulatory enforcement are particularly likely to benefit from new enforcement technologies such as Remote Sensing, since its attributes include: the quantity and quality of the information supplied by the new technologies; the accessibility of the information to regulators, regulatees, and third parties; the cost of the information; and whether the process of information gathering can be concealed from the observer. RS technologies are likely to influence all of these attributes and, in general, improve the efficacy of enforcement. A systematic insight in, and awareness of, how remote sensing may contribute to environmental policy can help to enlarge the societal demand for EO applications. However, existing reviews of environmental EO applications are structured according to products, techniques, or benefit areas, rather than the function they have, with respect to the policy they support. [Macauley and Brennan, 1998; De Leeuw, 2010; Purdy, 2010] . Reid et al. [2010] issued a call to explicitly link research on global environmental change with sustainable development. This would encompass the use of remote sensing not only for monitoring environmental conditions, but also to measure the feedbacks between these conditions and human activity and governance. Remote sensing data could be incorporated into large, complex models of socioeconomic systems (to help determine the social and economic impacts of environmental changes), and existing efforts (such as GEOSS) could be modified to include an assurance that its products would meet the needs of decision-makers and are scaled appropriately for sustainable development policy [Mayer and Lopez, 2011] .
The Global Monitoring for Environment and Security initiative
In 2005, the EU made the strategic choice of developing an independent European Earth Observation capacity called Global Monitoring for Environment and Security (GMES) in order to deliver services in the environmental and security fields. GMES consists of the following three components: (1) Space Component -consists of a space observation infrastructure addressing service data needs with the missions of observing land, atmospheric and oceanographic parameters; (2) In-Situ Component -will rely on a large number of facilities, instruments and services owned and operated at national, regional and intergovernmental levels inside and outside the EU; (3) GMES Services -the basis for Europe's autonomy in information provision world-wide. Since 2008, four preoperational GMES services have been launched: a land monitoring service, a marine service, an atmospheric composition monitoring service and an emergency response service. GMES is also at the heart of the EU contribution to the Global Earth Observation System of Systems (GEOSS) [European Commission, 2008b , 2009 .
The GMES Space Component
The GMES Space Component comprises 6 series of Earth observation Sentinel missions. Some 12 missions, split into six constellations, are currently under development. The Sentinel series comprise constellations of a number of 5 units (Tab. 1). This is the answer to the user requirements for the implementation of GMES services which expressed the need for observation continuity and seamless access to data, redundancy in the context of an operational system and increased frequency of observations [Aschbacher et al., 2010] . The Sentinel-4 UVN instrument is a high resolution spectrometer covering the ultraviolet (305-400 nm), visible (400-500 nm), near-infrared (750-775 nm) bands. The spatial sampling is 8 km and a spectral resolution between 0.12 nm and 0.5 nm (depending on the band). Will be embarked on the Meteosat Third Generation Sounder satellite (MTGS). Coverage is achieved by scanning by a fast repeat cycle over Europe and North Africa (Sahara) of 60 minutes (goal 30 minutes).
The main data products will be O3, NO2, SO2, HCHO and aerosol optical depth, which will be generated with high temporal resolution (~ 1 hour) to support air quality monitoring and forecast over Europe.
Launched with MTG-S1 and MTG-S2. 
Methods
The aim of this study is to assess the potential usefulness and importance of GMES Space Component's Sentinel Missions to support land-based environmental policies developed by the European Outermost Regions (most of them being Small Islands), using the Archipelago of the Azores (an Autonomous Region of Portugal) as case-study. This methodological approach can be divided into three main phases:
1) Identification of land-based Azorean Regional legal instruments with environmental and spatial incidence, describing their legal framework, core subject(s) and domain(s), main goal(s) and geographic scope(s).
2) Linking land-based environmental and spatial legal instruments in the Azores
Autonomous Region to EO products obtained from GMES Space Component Sentinel Missions. 3) Proposing a Spatial Data Infrastructure-based "GMES Azorean Regional Framework", in order to maximize the societal benefits derived from the access to GMES Space Component Sentinel Mission outcomes.
Results and Discussion
The environment is assumed as a transverse pillar for all of the Region's social and economic activities and sectors [Azorean Regional Government, 2008] . This assumption is confirmed by the quantity (16) and diversity of current legal land-based instruments with environmental and spatial incidence in the Azores, regulating and acting at the archipelagic, island and municipal scale (Tab. Due to their small dimension (maximum of 745 km² for S. Miguel and minimum of 17 km² for Corvo), the Azorean Islands' terrestrial and coastal environments have to be characterized, planned, managed and assessed using preferentially high spatial resolution imagery (<10m), although medium spatial resolution (<30m) could be useful for some geophysical variables in island-scale mapping (e.g. soil, lithology). Therefore, Sentinel-1 (Synthetic Aperture Radar) and Sentinel-2 (optical) sensors could constitute both the most logical and appropriate GMES Space Component Sentinel Missions' product providers for land-based legal instruments with environmental and spatial incidence in the Azores Autonomous Region (Tab. 3). Nevertheless, due to the mountainous topography and to the high degree of humidity that characterize the Azorean Islands, backscattering intensity and interferometric coherence [van Zyl, 1993; van Zyl et al., 1993; Castel et al., 2002; Danklmayer et al., 2009] are affected when using Synthetic Aperture Radar (SAR) sensors in this type of environments. That's the reason why the Sentinel 1 Mission (high-resolution microwave imaging) products could not represent an effective and fully reliable solution in order to be integrated and implemented into the "GMES Azorean Regional Framework". Consequently, the Sentinel 2 Mission (high-resolution multispectral imaging), which consists of a multispectral imager mission with 13 spectral bands and resolutions of 10, 20 and 60 m; with a swath width of 290 km; constitutes the most adequate, reliable and cost-effective Sentinel Mission in order to support the land-based legal instruments which are currently being applied in this region. Despite the frequent high degree of cloudiness that characterizes the Azores Islands throughout most of the year [Gil et al., 2011] , this mission will mitigate the impact of this issue by offering a high repeat cycle of six days at the equator and three days in mid-latitudes in the two-satellite configuration. "Land cover" refers to the physical and biological cover over the surface of land, including water, vegetation, bare soil, and/or artificial structures. On the other hand "Land use" represents the social and economic purposes and contexts for and within which lands are managed. Land use-land cover (LULC) changes play a major role in the study of global change. LULC and human/natural modifications have largely resulted in deforestation, biodiversity loss, global warming and increase of natural hazards [Mas et al., 2004] . These environmental problems are often related to LULC changes. The LULC alterations are generally caused by mismanagement of agricultural, urban, range and forest lands which lead to severe environmental problems such as landslides, floods etc. Therefore, available data on LULC changes can provide critical input to decision-making of environmental management and planning the future [Prenzel, 2004] . In small islands with very sensitive ecosystems, an accurate LULC mapping and registering of its evolution (change detection and assessment) is mandatory for a more reliable and effective land planning and management. Despite its usefulness at European continental and regional level, Corine Land Cover (CLC) -the European Environment Agency program for LULC multi-temporal mapping and assessment in Europe [Bossard et al., 2000] -has been ineffective to address evolution and change issues regarding European Small Islands/OER LULC. This is due to its too broad geographic scale (1/100,000), its too large minimum spatial unit (25 hectares) comparing to island size, and due to its inadequate legend which prevent an efficient characterization of typical natural and semi-natural LULC units in these territories. Furthermore, the Azores Islands are still geographically not covered by CLC program. At national (Portugal) level, the former National Center of Geographic Information (CNIG) -which is currently the Portuguese Geographic Institute, IGP -started developing, in 1990, a detailed Land Cover Map (COS'90) of mainland Portugal, based on photo-interpretation of high-resolution true-color orthophotomaps [Nunes, 2008] . COS'90 is currently being updated by using orthophotomaps from 2007, through COS'2007 Land Cover Map, which maintains the same main technical requisites and characteristics of COS'90 in order to allow a 17 year (1990 -2007) LULC change assessment as part of the project [Caetano et al., 2008] . When compared to CLC, although COS'90/COS'2007 are characterized by a more detailed geographic scale (1/25000), a smaller minimum spatial unit (1 hectare) and a legend especially defined to map the existing LULC units in Portugal's mainland, this ambitious LULC mapping project has not been reproduced in the Azores Autonomous Region, not only due to its political autonomy, but also because of the lack of adequate remote sensing data, as well as human and financial resources in this region. Therefore, an archipelago-based and island-scaled LULC mapping program with a higher spatial and temporal resolution than CLC and COS'90/COS'2007; and with an adequate legend focused on biodiversity and natural resources protection and management is needed to address specifically the LULC characterization, evolution and change issues of the Azores islands. Consequently, as shown in Table 3 , detailed LULC mapping and change detection (minimum mapping unit smaller equal to 2500 m²) with a specific and adequate legend to Azores Islands and a quarterly update periodic delivery to GMES regional users constitute the core mapping requisites for the Azorean land-based spatial and environmental legal instruments. The IDEiA ("Infraestrutura de Dados Espaciais dos Açores") is the Azorean Spatial Data Infrastructure (SDI) currently being developed by the Science, Technology and Telecom's Department (DRCTC -"Direcção Regional de Ciência, Tecnologia e Comunicações") of the Azorean Regional Government. Its purpose is to allow geographic information on the autonomous region to be searched, viewed and used, through various access points, in the context of the INSPIRE Directive (Directive 2007/2/EC of the European Parliament and of the Council of March 14 th 2007 establishing an Infrastructure for Spatial Information in the European Community). This infrastructure intents to widen its scope: firstly to public institutes, to the Azores' municipalities, to regional public companies and to the University of the Azores. In the future, it may broaden its scope in order to comprise all of the entities that use Geographic Information Systems (GIS) in the Azores. [Sertel et al., 2007] ; Processing: objectbased classification [Blaschke, 2010] , per-pixel classification [Lu and Weng, 2007] ;
Post-Processing: Accuracy assessment [Foody, 2002] LULC Change Detection Map [Singh, 1989] Due to the scarcity of human, technical and financial resources, the implementation of a cost-effective "GMES Azorean Regional Framework" is mandatory in order to maximize the societal benefits derived from the access to the GMES Space Component Sentinel Mission outcomes described in the Table 3 . A "GMES Azorean Regional Framework" integrated within the original IDEiA main framework will constitute a more operational and cost-effective solution because the fundamental aspect of this SDI resides on the ability to make the services of remote sensing and geographic data available for the regional entities (both public and private) and the general public, whenever they need them, free of charge. This policy complies with the full and open access principle suggested by the European Commission [2009] regarding the GMES Space Component Sentinel Mission outcomes, proposing a free and open access data policy through a free of charge licensing and online access scheme, subject to security aspects, aiming to maximise the beneficial use of Sentinel data for the widest range of applications and intending to stimulate the uptake of information based on Earth observation data for end users. As proposed in Figure 2 , the Science, Technology and Telecom's Department of the Azorean Regional Government (DRCTC) will constitute the nuclear entity in order to ensure the setup, development, maintenance and cost-effectiveness of the "GMES Azorean Regional Framework", at three different levels: -As the Public Regional Authority in Cartography and Geographic Information Technologies; -As the management entity of the whole IDEiA platform; -As the entity responsible for processing the raw GMES Space Component data, according to operational needs (Tab. 3), delivering and making it available to IDEiA users. Although public regional and municipal entities will be the major contributors of geographic data for the IDEiA platform and the most important users of the "GMES Azorean Regional Framework", the University of the Azores and its research centers will have to play a fundamental role in this structure's operational development. In order to ensure the full calibration, assessment and validation of the GMES Sentinel data (especially addressing land and coastal zones at medium and high spatial resolution), multidisciplinary scientific teams from this academic institution will be responsible for setting up, feeding, managing and updating periodically the Regional In-situ GMES infrastructure, with the direct support and contributions of local, regional, national and international R&D centers, NGOs and the Public Administration. Nevertheless, this component shall also be funded and technologically powered and maintained by the Regional Government, in order to strengthen its efficiency and cost-effectiveness.
Conclusions
1 -The European Outermost Regions (most of them being small islands) face several obstacles to full development (remoteness, insularity, terrain, climate, economic dependence and narrow range of the goods they produce) which have been mitigate by European Union cohesion policies. Nevertheless, serious environmental issues such as climate change, environmental degradation, loss of biodiversity and proliferation of IAS have to be directly and especially addressed by using the most reliable scientific information and the most advanced technogies. 2 -By allowing repeated, consistent and reliable assessment and monitoring of the environment, remote sensing can be assumed as a cost-effective supportive tool for environmental policy development in these regions. 3 -The GMES programme plays a vital role in monitoring the sea, land and atmospheric environment, aiming to promote a better understanding of the European and global environments as a basis for policy. An important goal of this programme is creating opportunities for increased private sector usage of information sources which also triggers partnerships between the research and the business community. The GMES Space Component comprises 6 series of Earth observation Sentinel missions that will provide -at no cost for users -high, medium and low spatial resolution data for land, coastal, marine and atmospheric assessment. 4 -Sixteen land-based spatial and environmental legal instruments are currently being applied and developed in the Azores Autonomous Region. They can be divided and classified into five core areas: (1) land planning and management; (2) natural resources management; (3) sustainable economic development; (4) environmental conservation and biodiversity protection; (5) emergency and civil protection. All of them require high and medium spatial resolution data in order to deliver accurate and reliable outputs at special zones (basin and lake, coastal zone, protected areas), at municipal and island scales. Therefore, due to the geographic and geophysical specificities of the Azores Islands, regarding land and coastal assessment, high and medium spatial resolution's GMES Space Component Sentinel-2 mission products could be especially relevant and cost-effective. 5 -Land-use/Land-cover (LULC) cartography and change assessment are the most frequent, nuclear and strategic mapping needs for the development and assessment of legal instruments in the Azores. Pan-european mapping programmes such as Corine Land Cover (CLC) have been ineffective to address Outermost Regions' environmental and land management issues, because of their broad geographic scale (1/100,000), their low spatial resolution (comparing to island size) and their inadequate classification scheme (unable to well characterize LULC units in those territories). At national level (Portugal), both mediumresolution LULC mapping programs COS'90 and COS'2007 have not been implemented in the Autonomous Regions due to political reasons derived from the lack of human, technical and financial resources. Therefore, the use and processing of Sentinel-2 satellite data will be able to address and fulfill this relevant information gap at regional level, by providing accurate (exhaustive and specific legend), detailed (minimum mapping unit of 2500 m²) and frequent (quarterly) LULC cartography and change detection assessment. 6 -A "GMES Azorean Regional Framework" integrated within the main original Regional Spatial Data Infrastructure (IDEiA) framework will constitute a more operational and costeffective solution. The Science, Technology and Telecom's Department of the Azorean Regional Government (DRCTC) will constitute the nuclear entity in order to ensure the setup, development, maintenance and cost-effectiveness of this infrastructure. The University of the Azores and its research centers will be responsible for setting up, feeding, managing and updating periodically the Regional In-situ GMES infrastructure, with the direct support and contributions of local, regional, national and international R&D centers, NGOs and the Public Administration.
